Rural populations in the developing world face great challenges in climate adaptation and human development. Broader development and climate adaptation can potentially enhance each other, and their positive synergies are essential to improve human well-being in less developed rural areas. Such synergies are, however, commonly lacking across developing countries. This paper examines the relationship between climate adaptation and broader development and finds a positive synergy in the Poyang Lake Region (PLR) -an important rice producing area in China that is vulnerable to flood hazards. We further examine household decision-making and link household decisions to rice cropping patterns interpreted from satellite images to explain the micro-to macro-mechanisms that lead to this synergy. The analysis shows that both the broader development context (national economic development and agricultural policy) and specific risk management (levees) are important for creating the positive synergy. Moreover, it is the right interactions of the social, natural, and technological subsystems that enable rural households to make different land-use and livelihood choices in a way that improves rural livelihoods and reduces flood impacts on rural livelihoods. The diverse household choices then collectively lead to preservation of rice production, despite the negative influence from increasing nonfarm work, and decreased flood impacts on agriculture.
Interactions of social, natural, and technological subsystems and synergy between development and adaptation to floods around Poyang Lake 
Introduction
Worldwide rural populations in less developed areas are disproportionally affected by climate variability and change and are significantly limited in their adaptive capacity under multiple interacting stressors (Kates 2000; Adger et al. 2003; o'Brien et al. 2004; Kates and Dasgupta 2007; Takeuchi and Aginam 2011; Boyd et al. 2013; Rippke et al. 2016) . Broader development and climate adaptation can potentially enhance each other (Lemos et al. 2007; Tanner and Mitchell 2008; Wilbanks and Kates 2010; Pelling 2011; Smith et al. 2011; Eakin, Lemos, and Nelson 2014; Agrawal and Lemos 2015) , and their synergies are essential to improve human well-being in these areas (Lemos et al. 2016; Tian 2017; Tian et al. 2015b) . Such synergies are, however, commonly lacking across developing countries (e.g. McCubbin, Smit, and Pearce 2015; Warner et al. 2015) .
In coupled human-environment systems, a variety of social and environmental factors -including climate -interact to influence individual decisions, which collectively give rise to system-level development outcomes (Gunderson and Holling 2002; Turner et al. 2003; Levin 2007; Liu et al. 2007; Ostrom 2009; Levin and Clark 2010; Agrawal and Chhatre 2011; Moran 2011; Cioffi-Revilla 2016; Walsh and Mena 2016; Tian 2017) . These factors can arise from local, regional and global contexts to affect individual decisions and consequently a system's capacity to respond/adapt to extreme climate events (Turner et al. 2003) . To understand and foster synergies between climate adaptation and development, it is helpful to separate generic development from specific climate adaptation means and examine their specific roles (Eakin, Lemos, and Nelson 2014; Lemos et al. 2016) . This paper further argues that not only are generic development and specific risk management both needed for climate adaptation and sustainable development, the 'right' interactions of the social, natural, and technological subsystems in a human-environment system are required to facilitate individual choices, creating positive synergies between development and climate adaptation. We use a case study in the Poyang Lake Region of China (PLR) to illustrate this.
The human-environment system around Poyang Lake PLR is part of the Yangtze River Basin and an important agricultural area for Jiangxi Province and China. The region includes ten counties and two cities, Nanchang and Jiujiang, with an area of 20,970 square kilometres and a population of 9.2 million (Figure 1 ). Rice -which can be grown once a year, called single cropping or one-season rice, or twice a year on the same plot, called double cropping or two-season rice -is a traditional and still dominant crop in PLR. The region has been historically subject to flood hazards from Poyang Lake, China's largest fresh-water lake. Throughout history, people around Poyang Lake have built levees to mitigate flood impacts. The levee system has been expanded and strengthened by the Chinese government since 1949, particularly in important agricultural areas and around urban centres, resulting in increased variability in levee quality across the region.
Situated in a topographical depression, Poyang Lake collects water from five major rivers in Jiangxi and drains from its northern rim into the Yangtze River at Hukou, about 700 km downstream of the Three Gorges Dam. The lakebed has an average depth of 8.4 m; however, the water level varies considerably throughout the year (Min 1997; Xu, Xiong, and Zhang 2001) . From April to June, seasonal rainfalls raise the water levels of the five rivers, and the lake waters rise as well. From July to September, seasonal rains cause the water of the Yangtze River to rise, and this water can flow southward back into Poyang Lake. Historically, the most severe floods occurred when water levels in the five rivers and the Yangtze peaked at the same time. The 1998 flood was the worst in recent history. No severe floods have occurred since 1999, yet flooding concerns remain. According to local scientists who study its hydrology, the lake responds to long-term climate and hydrologic cycles and has been in a low-level stage since 2000 (Min and Liu, Pers. Comm.) . In fact, the lake again reached alarming levels in 2016, registering the highest water rise since 1999 and causing floods in some surrounding areas.
The levee system protects about 57% of PLR's floodprone area (defined as the area below an elevation of 20.75 m), with the remainder being mainly permanent and seasonal water surface (Jiang 2006) . There are special designations for the levees, based on the amount of farmland and settlement area they contain (Jiang 2006) . Crucial levees enclose more than 66.7 square kilometres of farmland, as well as large cities or county capitals. Major levees protect more than 33.3 square kilometres of farmland. Crucial and major levees are of high quality, and are also well maintained by the government. Minor levees, usually built by farmers, protect farmland totalling less than 33.3 square kilometres and tend to be poorly constructed and maintained. Four polders were also designated to relieve floodwater under severe flooding scenarios. According to government regulations, the levees enclosing these storage polders would be opened to discharge water when lake levels at Hukou reach 18.7 m. After the disastrous 1998 flood, the government moved towards more ecologically friendly means to mitigate floods and implemented a policy called 'returning farmland to lake.' The policy resulted in the abandonment of many minor levees, labelled as 'Returned Levee' on Figure 1 . Based on a regional assessment combining GIS data on levees and other data (Tian et al. 2015b) , about one-fifth of the farmland in PLR is at risk of being flooded more than once every ten years.
In China, rapid urbanization has led to land-use deintensification and agricultural decline in some regions, especially in those areas with relatively high industrial development (Liu et al. 2005; Jiang, Deng, and Seto 2013) . To promote agriculture, China has implemented a series of policies, including agricultural tax elimination and direct cash subsidies to grain-producing households, aimed to incentivize farmer households to engage in agricultural production. It is estimated that grain subsidies reached $34 per acre in 2008, similar to per-acre payments received by farmers in the U.S. Midwest (Gale 2013) . In the past few years, China has also increased support to large farms in various forms from cash subsidies to assistance in building facilities, in an attempt to increase agricultural production through farmland consolidation. Farming operations are typically small in rural China; on average, a rural household has a farmland area of about 8 mu (1 mu = 0.067ha). The small farming scale causes landuse inefficiency and is associated with the de-intensification of agriculture (Jin and Deininger 2009; Tan et al. 2010; Tian et al. 2015b ).
As with other rural areas in China, rural livelihoods in PLR have experienced significant changes amid national economic development in the urban and industrial sectors. In PLR, nonfarm work and income have contributed to de-intensification of rice cultivation, i.e. conversion from double cropping to single cropping, in some villages (Shi, Heerink, and Qu 2011; Tian et al. 2015a) . Meanwhile, rice intensification, i.e. switch from single cropping to double cropping, has also been observed from satellite images and is attributed to government agricultural support policies (Li et al. 2012) . Based on information published on the official website of Jiangxi Province, a total of 1,024 large farms are qualified for special support in 2014, and the large rice farms tend to grow two-season rice.
The analysis framework
In this study, we first examine development outcomes in rural livelihoods and regional agriculture to look for evidence on synergies between development and flood adaptation, and then look at household decisions to understand the processes that shape development outcomes (Figure 2 ). In our analysis framework, improvements in economic development and a reduction in potential flood impacts would indicate positive synergies. Because crop cultivation can be damaged by floods, the degree to which household income depends on agriculture can reveal potential flood impacts on rural livelihoods, and how a household's dependence on farming changes relative to flood risk implies its adaptation (Tian and Lemos 2017) . Specifically, that households, especially those with relatively high flood risk, reduce their dependence on crop cultivation would suggest 'true' adaptation. Because levees vary in quality, the distribution of intensive two-season rice among polders -the areas of land surrounded by leveescan reveal potential flood impacts on agriculture, and where intensification and de-intensification have occurred indicates adaptation of the agricultural system. If the agricultural system has been adapting in the right direction, we expect to see expansion of two-season rice in high-quality polders and decrease of two-season rice in poor-quality polders.
The processes that affect development outcomes involve three subsystems of the human-environment system around Poyang Lake, and they affect development outcomes through influencing household land-use and livelihood choices (Figure 2 ). In the social subsystem, we pay particular attention to the national economic development context and agricultural policies. While Chinese rural livelihoods have been undergoing a transformation towards a nonfarm orientation amid broader urban and industrial development, agricultural policies directly affect land-use and livelihood decisions of rural households. In the natural subsystem, we look at local biophysical environments, because they largely determine betweenhousehold variations in farmland resources and flood risk, which can mediate household decisions. In the technological subsystem, we examine the role of levees.
We use satellite images to derive rice cropping patterns around Poyang Lake. We rely on household survey data to identify major livelihood profiles and combine qualitative interviews to understand household decision-making. We then link individual household decisions and their livelihood profiles to changes in rice cropping patterns to illustrate how the above socio-economic, environmental, and institutional factors in these subsystems interact to affect regional agriculture and adaptation to floods. Further details of the data collection and analysis methods are described in the next section.
Data and methods

Mapping rice cropping patterns with satellite images
Rice cropping patterns for 2003 and 2013 were derived from multiple Landsat images using a method that was developed by our remote sensing team specifically to differentiate one-season rice from two-season rice in PLR (Li et al. 2012) . The method relies on the Normalized Difference Vegetation Index (NDVI) for identifying one-season and two-season rice. It also takes into account information on the growth cycles of early rice (the first crop of two-season rice), late rice (the second crop of two-season rice), and oneseason rice in image selection. Though one-season rice and two-season rice are exclusive in space, one-season rice overlaps with early rice and late rice temporally. To separate one-season rice from two-season rice, the method uses multiple Landsat images from three temporal windows: early May to late July, Mid-July to early August, and MidSeptember to early October. During these periods, oneseason and two-season rice paddies show significant NDVI differences, and their distinct NDVI characteristics allow us to differentiate one-season and two-season rice. From early May to late July, early rice is experiencing fast growth following transplanting in late April and is associated with high NDVI. During the same period, one-season rice is not sown yet or just being transplanted, which renders apparently low NDVI. From Mid-July to early August, one-season rice has high levels of greenness due to high photosynthetic activity and thus high NDVI. During this period, either early rice becomes ripe and is ready for harvest, or late rice is being transplanted, with both types of rice paddies appearing to have low NDVI. From Mid-September to early October, one-season rice becomes ripe with low NDVI; late rice, on the contrary, is at the peak of growth with high NDVI. Further details of the classification method can be found in another publication of our remote sensing team (Li et al. 2012) .
Landsat images from 1 May 2014, 1 July 2013, 2 August 2013, and 5 October 2013 were used to derive the 2013 Other images were used to clarify confusions and resolve disagreements between the classifications produced by the algorithm. The images were acquired from the Earth Resources Observation and Science Center at USGS (http://glovis.usgs.gov) and the Center for Earth Observation and Digital Earth (CEODE) at the Chinese Academy of Sciences (http://www.ceode.ac. cn/). All images were Level 2 products that had been processed for radiometric and geometric calibration. We used the orthorectified Landsat imagery gathered from CEODE to carry out registrations, with the Root Mean Square Error (RMS error) being less than one pixel (or 30 m).
The classification accuracy for 2013 was evaluated using 519 GPS sites and their ground truth collected through field surveys in September, 2013 (Table S1 in Supplementary material). The producer accuracy for one-season and two-season rice was 93.33% and 96.46%, respectively, while the user accuracy for one-season and two-season rice was 93.22% and 95.61%. The 2013 classification achieved an overall accuracy of 94.80%, and Kappa coefficient of 0.8847. A full accuracy assessment for the 2003 classification would be practically impossible because we cannot go back in time to collect ground truth control points. We made best efforts to understand the classification accuracy for 2003. During the field surveys, we looked for opportunities to meet farmers, and asked about their past land-use practices. We also visually examined and compared some sites -especially those showing ambiguity on Landsat images -with high resolution images available on Google Earth. These efforts -also considering that we used similar datasets and the same classification method for both 2003 and 2013 -led us to believe that the classification for 2003 should have an accuracy similar to 2013. The method has been used and tested for mapping rice cropping patterns for other years in another study (Li, Jiang, and Li 2014) . In general, the classification accuracy for one-season rice was lower than that for two-season rice, because one-season rice cultivation has more temporal flexibility than two-season rice, and the NDVI values for one-season rice sites are more dispersed.
Surveys and interviews and analysis of rural livelihoods
The household data were collected in eight villages around Poyang Lake during the Spring Festival in 2007.
The surveyed villages represent various types of natural (mainly food risk) and geographical (mainly location relative to urban centres) environments. The surveys produced a comprehensive dataset about livelihoods and socio-demographic information of 192 households and their natural environments. To develop in-depth understanding about household livelihood decisions, the first author and a local assistant revisited surveyed villages in summer 2008 and conducted formal and informal interviews of farmers, village leaders, and local government officials. We stayed with a household in three villages, spending five to seven days with each. We also spent a half to a full day in each of the other five villages. When possible, we visited the fields in the company of a farmer or village leader to familiarize ourselves with the natural environment, particularly the availability and quality of farmland and flood risk. For survey and interview details, please refer to Tian et al. (2015a) .
We used K-means clustering analysis to identify major livelihood profiles based on proportions of income from different economic activities: crop cultivation, migratory work, business, livestock, fishing, agricultural wage, and others. The K-means clustering method in R uses an iterative procedure to partition observations into k clusters based on their similarity. The algorithm first randomly assigns each observation to a cluster and finds the centroid of each cluster. It then reassigns observations to the cluster whose centroid is the closest and calculates new centroid of each cluster repeatedly. The procedures ends when the within cluster variation, i.e., the sum of the Euclidean distance between the observations and their respective cluster centroids, cannot be reduced any further.
Seven robust clusters from the sample were identified and labelled as Crop Cultivation, Migration, Combined, Diversified Rural, Business, Fishing, and Others. We calculated several indices to quantitatively evaluate clustering quality and used our field observations to inform the selection of clusters. Details of the clustering analysis were described in another paper (Tian and Lemos 2017) . Each of the seven profiles has distinctive characteristics. We consider specific economic activities in the income profiles but pay particular attention to the contribution of crop cultivation to understand flood impacts on rural livelihoods. Fishing is a minor and unique profile, representing a traditional way of living developed based on and enabled by access to the lake. The households with Others profile rely on some uncommon income sources, such as gifts and money transfer from relatives. Because households with Fishing and Others profiles are rare and contribute little to rice cropping patterns, our discussions in the results section focus on the five major income profiles.
Results
Regional agriculture
Both intensification and de-intensification of rice cultivation occurred from 2003 to 2013 but in different geographical locations. Intensive two-season rice was maintained largely and disproportionally in crucial and major polders, and one-season rice remained unchanged disproportionally in minor polders (Figure 3 ; Table 1 ). Rice intensification occurred mostly within polders, and was less likely in minor and returned polders than important (crucial and major) polders (Figure 3 ; Table 1 ). Rice intensification outside polders occurred in areas that are relatively low in elevation (Table 2 ). Rice de-intensification occurred mostly outside polders (Figure 3 ; Table 1 ), where elevations are relatively high (Table 2) . Rice de-intensification within polders was more likely found in minor and returned polders ( Figure 3 ; Table 1 ).
These rice cropping changes have a general pattern that rice cultivation becomes intensified/de-intensified mostly in areas with favourable/unfavourable natural conditions for rice growing. Soil type and elevation are two important environmental factors affecting rice growing in PLR. Paddy soils are more suitable for rice cultivation than other soil types. Rice cultivation, especially double cropping, also depends heavily on water irrigation. High elevations are generally not favourable for intensive two-season rice, because it is difficult to irrigate fields on the hills. Very low-lying areas are not suitable for two-season rice either, because floods from rainfalls in April could damage early rice. The soils within polders are generally more favourable for rice growing than outside polders, and minor and returned polders have poorer soils than other polders (Table 2) . Elevations are generally higher outside polders than inside polders, and storage polders have lowest mean elevations among all polders ( Table 2 ). Note that the areas within storage polders where single cropping was switched to double cropping also have relatively good soils ( Table 2) .
Rice de-intensification was not only influenced by natural conditions but also affected by urban development. There was a considerable amount of rice de-intensification within crucial and major polders ( Figure 3 ; Table 1 ). Rice de-intensification within these polders was associated with relatively short distances to cities and roads (Table 2) . Rice de-intensification outside polders occurred in some areas relatively close to roads (Table 2) , in addition to areas with high elevations. The influences of the distance to urban centres and roads were also observable on the map ( Figure S1 in Supplementary Material). ), rice production in PLR was largely preserved. Rice de-intensification under unfavourable natural conditions also reduced production pressure on marginal farmland and was thus conducive to environmental sustainability.
Rice intensification within storage polders, however, could potentially increase flood impacts. The storage polders have historically been intensively farmed. Although they are supposed to be opened during severe floods, the government did not order to open them even during the disastrous 1998 flood -because of intensive farming within them. The agricultural support policies and the fact that the lake has been relatively low since 2000 further encouraged rice intensification in these polders.
Household livelihoods
Five types of income profiles are common among 192 surveyed households in eight villages around Poyang Lake (Table 3) . Except for Crop Cultivation, each of the five major income profiles includes some form of nonfarm activities and considerable amount of nonfarm income. On average, 65% of rural income is from nonfarm economic activities for all surveyed households. These represent a reduction in potential flood impacts on rural livelihoods. Our interviews with farmers revealed that in the commune period and before urban and industrial development made nonfarm work widely available to rural populations, farmers were mostly confined to the countryside; there were very limited local nonfarm activities, such as fishing and small business, and rural income was largely from agriculture. Rural households in PLR are all able to improve their livelihoods, regardless of the income profile, with no statistically significant difference in mean income per capita found between any two of the five major income profiles. Fishing and Others profiles are not common and also contribute little to rice cropping patterns; therefore, we exclude them from our discussions. The statistics were calculated for areas that were planted with rice in both years. The proportions of land areas within crucial, major, storage, minor, and returned polders are 35.50%, 23.25%, 9.50%, 23.08%, and 8.67%. Values in the table represent means for each category. There are two major soil types: paddy soil type is favourable for rice growing and has a value of 2; all other soil types are assigned a value of 1. Distance to cities represents the distance to the nearest county capital. Distance to roads is the minimum distance to any roads that include national and provincial roads, highway, and railroad. County capitals and roads are shown on Figure 1 .
The potential flood impacts have been reduced even more for households with higher flood risk than other households. Most surveyed households (118 out of 192) experienced flooding once in the past ten years. Fortyseven households did not experience flooding in the past ten years. Twenty-seven households experienced flooding more than once. Among these 27 households, the Migration profile dominates; on average, they also have a significantly greater proportion of income from nonfarm activities (about 13.68% more) than other households.
The Crop Cultivation profile appears to be highly sensitive to floods; however, among 20 households with this profile, only one household experienced flooding more than once in the past ten years. The low flood impacts for these agriculture-oriented households are due to the protection of high-quality levees in urban and important agricultural areas. Eight households in this group are located in a village that is part of an important rice producing area for Jiangxi Province protected by a crucial levee, where rice is still double cropped supported with a functioning collective irrigation system managed by the township government. The rest of the households in this group are mostly near county capitals. A household with the Crop Cultivation profile usually grows rice on a relatively larger scale, and may focus on vegetable production if it is near an urban centre.
Linking household decisions to changes in rice cropping patterns
These income profiles reflect different choices made by rural households in the Poyang Lake region based on their own characteristics and local environments. The Business and Diversified Rural profiles are mainly influenced by household characteristics. While risk taking is a unique characteristic of households with a Business profile, households with a Diversified Rural profile commonly have better government connections and might have been well-off even at the beginning of economic reforms. Although household socio-demographics, such as labour and household size, may have an influence over the Crop Cultivation, Migration, and Combined profiles, local environments play an important role in shaping these three profiles. Local farmland resources significantly influence Crop Cultivation and Migration profiles, albeit in opposite directions: households in farmland-rich areas are more likely to have a Crop Cultivation profile, and households in poor farmland areas are more likely to develop a Migration profile. Locations close to urban centres provide access to local nonfarm work opportunities and are important for creation of the Combined profile. Locations far from urban centres further contribute to the Migration profile, because household members have to work in cities away from home, and this reduces labour availability for farming activities. High flood risk may also influence the Migration profile but is less important than, and happens to correlate with, poor farmland as a consequence of the government's differentiation in levee construction and maintenance across the region. For a more detailed explanation on how these factors affect livelihood choices, please refer to Tian and Lemos (2017) .
These diverse household choices then collectively give rise to the rice cropping patterns and the changes we identified earlier from satellite images. The Crop Cultivation, Migration, and Combined profiles, in particular, have contributed significantly to the variations of cropping patterns across the region, since households with Business and Diversified Rural profiles are relatively evenly distributed across surveyed villages and are not influenced much by local environments.
Because nonfarm work generally brings higher economic returns on labour than small-scale crop cultivation, those households near urban centres with a Combined profile tend to de-intensify rice so that they can spend labour on nonfarm work to make more money. Similarly, households living near major roads have easier access to urban job markets and likely switch two-season rice to one-season rice. It is the livelihood choices of these households that have led to the decrease of two-season rice near urban centres within important polders and in areas close to roads outside polders.
The increase and decrease of two-season rice in areas with favourable and unfavourable natural conditions can be directly linked to the land-use and livelihood choices of those households with Crop Cultivation and Migration profiles. The positive synergy between development and adaptation to flood hazards around Poyang Lake also mainly reflects the choices of Crop Cultivation and Migration households mediated by local farmland availability and made possible by the broader economic development and policy context, as well as levee protection (Figure 4) . We explain these processes in the next section.
Interactions of three subsystems and synergy between development and climate adaptation
On the one hand, households in areas with good farmland tend to focus on and intensify rice cultivation incentivized by agricultural support policies; local rich farmland resources also facilitate larger scales of farming operations and consequently higher agricultural returns (Figure 4) . Rice cultivation at a larger scale can actually generate an income comparable to migratory work in cities. Because these areas are important for Jiangxi agriculture, they are usually protected by high-quality levees built and maintained by the government, and thus the flood impacts on agricultureoriented livelihoods and intensive agriculture there remain low. Intensified rice cultivation in these areas helps preserve PLR food production to a large degree in spite of negative influences of urban development on agriculture.
On the other hand, rural households in farmland-poor areas tend to include more nonfarm work in the industrial and service sectors made widely available by broader economic development (Figure 4 ). As they focus more on nonfarm work and de-intensify rice cultivation, their dependence on agriculture, and consequently the flood impacts on their livelihoods, are reduced -even though these areas are usually protected by low-quality levees and have high flood risk. Nonfarm income also compensates for the low agricultural return from poor farmland for these households. Additionally, environmental pressure on marginal farmland is reduced, and the flood impacts on agriculture are lowered in these areas.
Here we show that development and adaptation to flood hazards at the household and system levels are essentially intertwined, with all resulting from household land-use and livelihood decisions. Both broader development context and specific risk management are necessary for improving rural livelihoods and reducing flood impacts. Furthermore, it is the 'right' interactions of the social, natural, and technological subsystems that enable rural households to make different land-use and livelihood choices, facilitating these positive development outcomes and creating the synergy between development and flood adaptation. Without nonfarm employment opportunities, the same agricultural policies would encourage intensive rice cultivation in farmland-poor areas where low-quality levees are not able to provide strong protection. Without agricultural policies providing incentives for rice cultivation, households would all seek more nonfarm income and possibly ignore agriculture; agriculture-oriented Figure 4 . Interactions of the social, natural and technological subsystems and synergy between broader development and adaptation to flood hazards around Poyang Lake. The differentiation of household decisions in areas with rich and poor farmland resources facilitated by the broader economic development and agricultural policies leads to improved rural livelihoods and conservation of rice production in the region. Protection of high-quality levees in farmland rich areas and decreased dependence on agriculture in farmland-poor areas contribute to reduced flood impacts on rural livelihoods and agriculture.
households would not be able to rent additional farmland to enlarge their farming operations. Without the protection of high-quality levees, intensified rice cultivation encouraged by agricultural policies in farmland-rich areas would be subjected to flood damages.
Discussion
More generally, technological systems are important for mitigating human systems' exposure to extreme climate events, and certain levels of development are necessary for coping with and adapting to natural hazards and climate change ( Figure 5 ). However, we need to be cautious about reliance on engineering work and development. Infrastructure, such as levees, may not be sufficient to provide protection against rare, extreme disastrous events that could cause tremendous loss, and may even increase vulnerability if communities overly rely on their protection and in effect fail to adapt, i.e., so-called 'levee effects' (Kates et al. 2006; Ludy and Kondolf 2012; Di Baldassarre et al. 2015; Yu et al. 2017) . Similarly, increasing wealth can act as a deterrent to adaptation if communities do not change behaviour, creating a 'safe development paradox' (Burby 2006; Eakin, Lemos, and Nelson 2014) . The interactions of social, natural, and technological systems could produce negative effects. As discussed earlier, agricultural support policies together with low lake levels in the past years have encouraged rice intensification within flood storage polders in PLR. As rural households in the developing world progressively participate in urban and broader economies, nonfarm work may divert labour away from villages and discourage collective actions that are needed for building and maintaining local infrastructure (Baker 1997; Cardenas et al. 2017) . In PLR, for example, nonfarm work and income contributes to collapse of collective irrigation systems; in seven out of eight surveyed villages, the collective irrigation system built in Mao's time has stopped functioning. In other less developed areas, urban development and participation in broader markets have induced land-use practices or development patterns that are more vulnerable to natural hazards or climate change (e.g. Taylor, Moran-Taylor, and Ruiz 2006; Manuel-Navarrete, Gomez, and Gallopín 2007; Srinivasan et al. 2013) . It is therefore important to examine how the three subsystems interact to affect household decisions and choices.
Improving human development and building adaptive capacity to natural hazards and climate change in the developing world are hardly separable. To achieve sustainable development, we need to reduce climate impacts through 'natural' means -changing behaviour and development patterns -which requires periodical assessments, anticipating future risk and making appropriate adjustments from time to time (Tian 2017) . In cases where human development is very low and the natural environment is extremely adverse, migration might be an adaptation strategy necessary for improving human well-being (Tian et al. 2015b; Hino, Field, and Mach 2017; Tian 2017 ). This case study in the Poyang Lake region shows that governments can play an important role in facilitating positive synergies between development and climate adaptation.
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